ABSTRACT. The study was conducted at the Mata dos Godoy State Park in Londrina, state of Paraná, Brazil. Baited pitfall traps were installed in the forest, in adjacent abandoned pasture land, and on the borders between these two environments. Every two weeks, from June 1999 to May 2000, the traps were placed for 24 hours and the material was collected every 12 hours. The 4687 specimens of Scarabaeinae collected belong to 13 genera and 27 species. The most frequent were different. Sulcophanaeus menelas, Canthidium aff. trinodosum, O. hirculus, and E. parallelus were the most abundant species, being predominantly diurnal; the first three species were more active on abandoned pasture. Most of the Dichothomius assifer (Eschscholtz, 1822) and D. mormon specimens were captured at night. The latter species was the most abundant in edges, whereas D. assifer, Scybalochantum aff. zischkai, and O. catharinensis can be considered bioindicators because they were either exclusively or highly predominant in the best preserved areas. A larger number of individuals was observed from December 1999 through March 2000, which is the time of the year when adults of Scarabaeinae normally emerge and fly, in the studied region. The highest diversity (88.89%) was observed in February.
The presence of native forest fragments significantly improves landscape diversity and increases the survival probability of the native biota in Neotropical region where deforestation occurs (TURNER & CORLETT 1966) . The conservation of biodiversity is an important challenge considering the high level of anthropic disturbance in natural ecosystems and their resulting fragmentation (VIANA & PINHEIRO 1998) .
The Atlantic Forest in the state of Paraná is one of the most important biodiversity "hotspots" of the world and also one of the most threatened ecosystems (RANTA et al. 1998 , MYERS et al. 2000 . The State of Paraná has suffered a significant loss of its native vegetation cover and currently has only a few fragments of its remnant forest, mostly surrounded by crop or pasture land (MEDRI & LOPES 2001a) . Only 2 to 4% of the original forest in Northern Paraná remains (SOARES & MEDRI 2002) .
Insects, particularly dung beetles of the subfamily Scarabaeinae (Coleoptera, Scarabaeidae), play an important ecological role in several biological processes occurring in terrestrial environments (NICHOLS et al. 2008) , such as the control of some vertebrate parasites (BORNEMISSZA 1970 , KLEIN 1989 , FLECHTMANN et al. 1995 , soil bioperturbation and pollination (KÜCHMEISTER et al. 1998 , SAKAI & INOUE 1999 , seed dispersal (FEER 1999 , ANDRESEN 2002 , and nutrient cycling (GUERRA et al. 2007) .
The scarabaeines contribute to nutrient cycling because most of these beetles are dependent on soil for shelter and nidification (HALFFTER & MATTHEWS 1966 ) and due to their detritivorous feeding habits; they use decomposing feces, carcasses, and fruits as food resources (VAZ-DE-MELLO 1999) . Therefore, the optimal method to monitor insect abundance in this family consists of pitfall traps baited with decomposing dung, carcasses, or fruits.
The traps are installed in holes dug in the soil, the trap top rim being leveled with soil surface (FAVILA & HALFFTER 1997) .
Scarabaeinae beetles are sensitive indicators of environmental quality (FAVILA & HALFFTER 1997 , DAVIS et al. 2001 , SPECTOR 2006 and respond negatively to disturbances such as forest clearing and cutting (VULINEC 2002) , decreases in mammal populations -which lead to lower availability of dung in the soil (ANDRESEN 2007) , and forest fragmentation (KLEIN 1989) . In this context, our study surveyed the Scarabaeinae species attracted to pig dung bait; compared the diversity, the abundance and the quality of Scarabaeinae fauna in different ecotopes; analyzed the occurrence and density of populations during one year; and partitioned species according to their nocturnal or diurnal activities. These results allow us to compare the population and species composition in this area to other regions and make some recommendations for conservation.
MATERIAL AND METHODS
The study was conducted at the Mata dos Godoy State Park, located about 15 km (23º27'S and 51º15''W) from downtown Londrina, state of Paraná, with an altitude between 610-650 m. The Park occupies 680 ha, of which 580 ha are still covered by a continuous, well-preserved forest (CHAGAS E SILVA & SOARES-SILVA 2000). The remaining 100 ha contain reforestation areas, a secondary forest, and a deforested area used as cattle pasture twenty years ago; at the time of the study, the area was completely covered by Panicum maximum Jacq. and other herbaceous plants, all about two meters tall.
According to the Köppen classification, the region has a Cfa, subtropical and humid climate, with rain throughout the year and occasional droughts in winter (MENDONÇA 2000) . According to the data provided by IAPAR (Instituto Agronômico do Paraná), the mean annual temperature is 24.1ºC and the mean annual rainfall, 1686 mm. The soil is Eutrophic Red Latosol.
The pitfall traps were placed inside the forest and along forest edges and, for comparison, were placed also in the adjacent abandoned pasture. The adjacent area is approximately 500 m from the eastern edge of the forest fragment. The traps consisted of 23 cm deep plastic containers with 9.5 cm diameter. A small flask containing bait (50 g of pig dung) was covered with a perforated lid to exude the odor of decomposing feces, and placed inside the container, next to its upper rim. We added 200 ml of water with detergent to each trap. A wooden device (as described by MEDRI & LOPES 2001b) was placed around the opening to prevent soil from falling into the container.
Samples were collected from June 1999 through May 2000. We installed the traps twice a month, every two weeks. Traps remained in the field for 24 hours and the biological material was collected at 6:00 am and 6:00 pm, resulting in both diurnal and nocturnal collections. Two traps were installed inside the forest, two on the forest edges and two on the adjacent pastureland. The traps were placed with their upper rim leveled with the soil surface, 50 m apart from each other in each of the three areas. The Scarabaeinae beetles were sorted according to morphological traits, mounted on entomological pins, and identified by Fernando Zagury Vaz-de-Melo (Universidade de Mato Grosso, Instituto de Biociência, Cuiabá, Mato Grosso).
For the similarity analysis of species composition in the different environments and the determination of the activity period of the sampled scarabaeines, we used NMDS (nonmetric multidimensional scaling) based on the Bray-Curtis Index (CLARKE & WARWICK 2001) , using the program software PRIMER v.5 (CLARKE & GORLEY 2001) . The data were transformed into square roots to reduce the influence of rare and dominant species and standardized to remove the sample size effect.
Community characteristics were observed after defining categories of species abundance and population fluctuation during the 12 months of data collection. We assessed diversity with the Shannon index (MAGURRAN 1998), and richness estimates using the program EstimateS 7.5 (COLWELL 2005). We plotted the rarefaction curves using Sobs (Mao Tau). The KruskalWallis test was used to determined abundance differences among the three environments and for the activity periods, whereas the program Statistica for Windows v. 6 (STATSOFT 2001) was used for the activity periods. We used the non-parametric Spearman correlation test to relate precipitation and temperature to the number of captured individuals.
The specimens were deposited in the collections of the Zoology Department at UEL (Universidade Estadual de Londrina, Paraná, Brazil) and the Entomology Section of the Zoology Collection at UFMT (Universidade Federal de Mato Grosso, Cuiabá, Mato Grosso, Brazil).
RESULTS AND DISCUSSION
The 4687 specimens of Scarabaeinae collected belong to 13 genera and 27 species (Tab. I). The most abundant species were Onthophagus catharinensis Paulian, 1936 (22.1%) , Onthophagus hirculus Mannerhein, 1829 (20.1%), Dichotomius mormon (Ljungh, 1799) (13.1%), Sulcophanaeus menelas (Laporte, 1840) (12.8%), and Eurysternus parallelus Dalman, 1824 (10.6%). Each of the remaining species represented less than 4.7% of all the species collected. Deltochilum Eschscholtz, 1822 showed the highest diversity, with five species. The genus has ca. 80 described species occurring primarily in tropical forests, and having necrophagous or copro-necrophagous habits. A taxonomic review is needed due to the large number of species recently found, particularly in Neotropical forests and savannahs (VAZ-DE-MELLO 1999) .
The Shannon index was lower in the deforested area covered with P. maximum (Tab. I). SCHEFFLER (2005) found the same value for the Shannon index in pasture land when studying forest areas after selective cutting, clearing, and pasture areas.
The number of individuals collected in the three environments did not differ according to the Kruskal-Wallis test (p HALFFTER et al. (1992) reported that diurnal species were predominant in disturbed environments. AIDAR et al. (2000) found that most individuals had crepuscular/nocturnal activities in pasture, and that activity patterns can vary with habitat changes.
Five species had diurnal and nocturnal habits, among them Eurysternus aff. caribaeus and Onthophagus aff. bucculus. Although both species were always active, they were more abundant during the day in the forest and in the pasture, respectively (Tab. I).
MEDRI & LOPES (2001a) found 35 species of Scarabaeinae belonging to 12 genera when collecting beetles on the same forest fragment used in this study and adjacent pasture where there were cattle and horses. The larger number of species may be due to the presence of cattle and the use of baits prepared with decomposing meat. As reported by ALMEIDA & LOUZADA (2009), bait type affects both the abundance of individuals and the species captured. LOUZADA & LOPES (1997) found 21 species belonging to 11 genera in a fragment of the Atlantic Forest in Viçosa, State of Minas Gerais. Similar to our results, SCHIFFLER et al. (2003) collected 23 species belonging to 13 genera during a study in a cocoa-growing area associated with the Atlantic Forest (Cocoa-Cabruca = ecological system of cultivation agroforestry) and in areas of alluvial forest, forest restinga, pasture, and shrubby 'restinga'.
Similarity was low among the three environments, varying from 30.2% (forest edges and forest) to 13.6% (pasture and forest). The distribution pattern of species composition was different for each environment (Fig. 1, ANOSIM (Fig. 2 , ANOSIM R = 0.18, p < 0.01). The dissimilarity mean between day and night was 79.7%, and six species together were responsible for approximately 60% of the dissimilarity (O. catharinensis, C. aff.
trinodosum, E. parallelus, O. hirculus, P. pereirai and D. mormon).
Using the same analysis, GARDNER et al. (2008) were able to discriminate habitats by studying abundance and biomass in areas of primary forest, of eucalyptus reforestation areas, and also in areas where the native Amazon Basin vegetation was being reestablished. A seasonal distribution of individuals was observed, with more specimens seen between December and March, the period when these beetles fly in large numbers in the Northern part of Paraná State. Fewer individuals were collected during the winter (June to August), when the weather is drier and cooler. MORELLI et al. (1996) studied the life cycle of S. menelas in laboratory and found that adults live an average of 291 days, between March and January. Beetles were collected from October through May, with a peak in April. Canthidium aff. trinodosum was collected throughout the year except in June. Rainfall did not affect the collected specimens number (Spearman R 2 = 0.00, p > 0.05), but when the dung beetles collected at night and during the day were analyzed separately, a significant positive correlation between abundance the dung beetles collected during the night and precipitation was observed (Spearman R 2 = 0.52, p < 0.05) (Fig. 3) . In turn, temperature positively affected the beetles collected number in both periods (Spearman R 2 = 0.46, p < 0.05; R 2 = 0.33, p < 0.05) (Fig. 4) . AMÉZQUITA et al. (1999) suggest that temperature and soil humidity must be taken into account in population or community studies because they affect the activity of Scarabaeinae beetles.
The species accumulation curve did not reach an asymptote, the pasture land and the forest edges had a higher and lower tendency to asymptote during the night (Fig. 5) , respectively. The non-stabilization of the species accumulation curve can be a result of the small number of traps placed in the study area. We found only two singleton species and two doubleton species, which can be considered 'rare' in the region. These species could be more easily captured if more traps were installed. Similar studies have found several singleton and doubleton species, thus increasing the knowledge of local diversity (MEDRI & LOPES 2001a , DURÃES et al. 2005 , SILVA et al. 2007a , b, 2008 , COSTA et al. 2009 ). When we consider the number of species per collected individuals, the pasture land presents very low diurnal and nocturnal abundances, whereas the border and the forest areas have higher diversity at night (Fig. 6) . The higher nocturnal diversity can be explained by some species engaging in activities during the coolest hours to avoid water loss through evaporation (ENDRES et al. 2005) . It can also be due to the survival strategies used by the species to avoid predators with diurnal habits, particularly insectivore birds.
Most species in our study areas were represented by few individuals. For HALFFTER (1991), species distribution in tropical forests is characterized by a few, very abundant species and many species with very few individuals. The same pattern can also be found in several studies -see MEDRI & LOPES (2001a) , ESTRADA & COATES-ESTRADA (2002) , RONQUI & GARDNER et al. (2008) .
In conclusion, the community of Scarabaeinae beetles in the Mata dos Godoy State Park is highly affected by temperature throughout the year and by rainfall for nocturnal beetles, indicating that summer months are the best time for V I I / 1 9 9 9 V I I I / 1 9 9 9 I X / 1 9 9 9 X / 1 9 9 9 X I / 1 9 9 9 X I I / 1 9 9 9 I / 2 0 0 V I / 1 9 9 9 V I I / 1 9 9 9 V I I I / 1 9 9 9 I X / 1 9 9 9 X / 1 9 9 9 X I / 1 9 9 9 X I I / 1 9 9 9 I / 2 0 0 0 I I / 2 0 0 0 I I I / 2 0 0 0 I V / 2 0 0 V / 2 0 0 collection of these beetles in this region. The community structure patterns found are very similar to those reported in other studies conducted in the Neotropical region.
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